Guanylyl cyclase C suppresses intestinal tumorigenesis by restricting proliferation and maintaining genomic integrity.
The most commonly lost gene products in colorectal carcinogenesis include guanylin and uroguanylin, endogenous ligands for guanylyl cyclase C (GCC). Beyond intestinal fluid balance, GCC mediates diarrhea induced by bacterial enterotoxins, and an inverse relationship exists between enterotoxigenic Escherichia coli infections producing the exogenous GCC ligand ST and colorectal cancer worldwide. However, the role of GCC in neoplasia remains obscure. Intestinal tumorigenesis was examined in wild-type (Gcc(+/+)) and GCC-deficient (Gcc(-/-)) mice carrying mutations in Apc (Apc(Min/+)) or exposed to the carcinogen azoxymethane. Markers of DNA damage, loss of Apc heterozygosity, and beta-catenin mutations were used to assess genomic integrity. Hyperproliferation was explored using Ki67 and cell cycle markers. Apoptosis was quantified by transferase biotin-dUTP nick end labeling analysis. In colons of Apc(Min/+) mice, deletion of Gcc increased tumor incidence and multiplicity, reflecting uncoupling of loss of genomic integrity and compensatory apoptosis. Conversely, in the small intestine, elimination of Gcc increased tumorigenesis by enhancing proliferation without altering genomic integrity. Moreover, these distinct but mutually reinforcing mechanisms collaborate in azoxymethane-exposed mice, and deletion of Gcc increased tumor initiation and growth associated with hypermutation and hyperproliferation, respectively, in conjunction with attenuated apoptosis. GCC suppresses tumor initiation and growth by maintaining genomic integrity and restricting proliferation. This previously unrecognized role of GCC in inhibiting tumorigenesis, together with the invariant disruption in guanylin and uroguanylin expression early in carcinogenesis, and the uniform over-expression of GCC by tumors, underscores the potential of oral administration of GCC ligands for targeted prevention and therapy of colorectal cancer.